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Note to Reader
Before ordering materialor starting constructiort

1 Read all instructiongsconstruction
options can affect quantity and size of
materials neededMany steps are not
reversible, so having a complete
understanding of the construction process
prior to starting will minimize costly
mistakes.

1 Obtain approval of he plans and
construdion guide fromyour local
building official to assure that this design
is suitable for yourjurisdiction.
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Introduction

This8 foot by 8 foottornado shelterwas developed
68 SYIAYSSNE Fid GKS ! {
Forest Products Laboratory to providelasign that
isadaptable forexisting constructiormand that is
easily constructed

Design Information

The tornado shelter presented here was laboratory
testedto meetimpact and wind pressure
requirements The following information may be
required withconstruction documents

Type of shelter: Residential tornado

The design meetthe impact and wind
pressue requirementsof ICC 502014:
Standards for the Design and Construction
of Storm Shelters

Design Wind Speed: 250 mph

Wind Exposure Categorg:

Internal pressure coefficient, GGH0.55
Topographic factor,41.0

Directionality factor, i 1.0

A statement must be provided thahé

floor of the sheltethasbeen constructed
above the highest recorded flood elevation
if a flood hazard study has been conducted
for the areaor the minimum elevation
required by authorityhaving jurisdiction.

1 Extensive laboratory testing wagrformed
to assure that thiy Q Eoyn&do shelter
meets theimpact and wind pressure
requirements of Chapters 3 and 81afC

I am ‘Homelnnovation
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9 Concrete Foundationlf the foundationdoes
not meetthe requirements stated earlier, FEMA
P-320 provides foundation construction details:

C¥esey FOREST PRODUCTS
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500-2014: Standards for the Design and

Construction of Storm ShelteBesgn
assumptions andest resultscan be found

OR No. 4 bars, at a maximum
spacing of 18 in. on center in two
perpendicular diections.

T The door shown in this construction guide Because the door design presenteereis selfbuilt, www.fpl.fs.fed.us/documnts/fplatr/fpl_gtr253.pdf
was laboratory tested for debris impact for it may not meet the door labeling requiremen
I & gARUK® (Section 108.2) of the IG&DO0 standardHowever,
1 Location of the tornado sheltawithin a extensive laboratory testing confirms that the door Lumberand PlywoodRequirements
host building and a drawing of the entire meets the impact and wind pressure requirements 1 #2 gade stampedsoftwood lumbemith
building. of the standard: engheering properties at least equivalent to the
1 A shelter section or elevation indicating the https://www.fpl.fs.fed.us/documnts/fplrp/fpl_rp686 Spruce Pine Fir (SPF) species group.
height of the shelter relative to the finished .pdf 1 22/32 oftwood plywoodsheathing
grade, finished floor and the host building,
where applicable. Siting
1 Hold down design capacity: 4000 Ib Before beginning construction of thehelter, ensure
1 Assunedfriction coefficient for concrete that the installation site meets the following
cast on soil, f: 0.50 requirements:
1 Occupant Load: 9 people 9 Proximity. If not located in the home he y
1 Usable floor area: 49 sf sheltermust be locatech maximum distancef
1 Venting area: 18.8 tn 150 ft. from the home.
9 Concrete foundation minimum 9 Protection from Rain and Snowl.his shelteris
requirements: not designed to be ater-resistant andnust be
a. né¢ (céharédeslab built inside the home, in a garage, or other
b. 4000 psi minimum strength structure that protects theshelterfrom the
Cc. 6x6¢W1.4xW1.4 welded wire elements.
reinforcement over the entire area
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in the following two documents:
www.fpl.fs.fed.us/documnts/fplgtr/fpl _gtr2

d. Minimum5Q af | o
each side of shelter to prevent

SEG Sy anA 2 yittp@/Mww.fema.gov/medialibrary-

data/1418837502817

53.pdf foundationsliding and overturning 920f09bb8187ee15436712a3e82ce709/FEMA P
www.fpl.fs.fed.us/documnts/fplatr/fpl_gtr2 -320 2014ConstructionPlans_508.pdf
54.pdf Design Limitations 1 Detachment fom Host BuildingDo not attach
Othersheltersizes have not been tested. Thisshelterdesign meets the missile impact and any portion of the shelter to an adjoining wall or
wind load requirements of national standards for to the floor or roof framing of the enclosing

Wind speed/wind pressure calculations _tor_nadotsh?Itters. Ats pta” of |your| rtJ)Ia_rlldn_ing process it structure (or vice versa).

. . is important to contact your local building
can be found in the following department todetermine if there are other Costs

document:
https://www.fpl.fs.fed.us/documnts/fplrp/f
pl_rp688.pdf

requirements for tornado shelterin your area. For
example, some jurisdictions have requirements on
door swing direction, which may affect the suitability
of this design to your location.

The designers of this tornado shelter estimate a
material cost of between $350064000(2016
dollars) Seethe Appendixof the following
document for a material list and costs:
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General Safety

Follow these general safety instructions:

9 Keep a first aid kit nearby

1 The work areahould be clean and
organized

9 Ensure theconstruction areas well
ventilated

9 Never leave an active power tool
unattended

1 Do not use a power tool with a frayed or
damaged power cord

1 Wear protective eyewear to protect against
airborne particles

i Ladders shold be set on level surfaces, and
locked in the open position

9 Tools used in damp conditions should be
connected to a ground fault circuit
interrupter (GFCI)

1 Nail gun: never aim a nail gun towards
anyone; do not press the trigger unless the
nose is pressedrinly against the nailing
surface; do not use a nail gun that is not
functioning as specified by manufacturer;
remove air supply before clearing jams

9 Power drill: change drill bit only after
disconnecting power supply; tighten chuck
securely and remove clald key before
starting the drill; apply proper pressure to
drill

9 Hammer drill: never operate with one hand,
firmly grasp the trigger handle and auxiliary
handle for maximum control; wear
cushioned gloves to reduce vibration

Circular Saw Safety

1 Never lookaway from your work
1 Keep hands away from the cutting area
behind the blade
I Stand to the side of the blade when cutting
9 Do not use a dull saw blade
9 Secure metal materials with clamps before
sawing
9 Make sure the cutting material is not
touching the blade biere starting the saw
M c2tt2g ff (G22f
instructions.
M ! RRAGAZ2YIf 3JdzARFyOS
Occupational Safety and Health Administration.
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DISCLAIMER

The attached design and construction
information is providedl & A a¢ X
warranty of any kind, express or implied,
including but not limited to the warranties of
merchantability, fitness for a particular

purpose, noninfringement, and any warranty
that this information is free from defects. In no
event shall USDA be liable for any claim, loss,
damages or other liability, whether in an action
of contract, tort or otherwise, arising from, out
of or in connection with this information. The
design has beetested according to industry
specific standards as described in this
doaument. USDA does not support and has no
connection to any results obtained by using this
design outside of the specific conditions
described in this document.
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Sequence of Construction 5. Attaching the sheathingThe23/32 plywood
The construction of thishelterdesign can be broken sheathing is cut to size and attached withils
down into thefollowing 8phases: and construction adhesive to the interior and
1. Cutting the lumber.The lumber is cut to exteriorfacesof all four wallsandthe interior
length. Some pieces will also be rip cut to the of the ceiling(aswell asthe top of theceiling
correctwidth. The installer must keep careful if it is accessible
track of which pieces have been cut to which 6. Building and hanging the dooiThe door is
length. made up of three sheets @2/32 plywood
2. Constructing the beamsThe triple beams sandwiched between two sheets 8 gauge
that make up the walls and ceiling of the cold-rolled stee] a material that must be
shelterare made from three samkength sourced locallyThe door is hungn bolt
2x8s. The middle 2x8 is offset yL/P¢ to hooks installed on the exterior of trehelter
give each beam a tongtend-groove cross wall, and has latakson its interior surface for
section. The 2x8s are joined wittonstruction locking theshelterwhen occupiedSheet
adhesiveand nails to form daminatedbeam. metal angles are used to reinforce the door
3. Building the walls.The walls are constructed opening. These need custom fabrication and
by laying one course diorizontalbeams at a are sourced locall\Most cities have a steel
time for the entire perimeter of thehelter. fabricator that can supply, cut, punch, and

¢tKS ySEG O2 difitBn®@a (2 y 3dzS ddnd sheet metal to custom sizes.
f26SN) O2dzNASQa& 3INRB 2GS I y7R Véanilatiéh2vanil&idh haled Are/ diied

construction adhesivelhe beams are laid up through the wall at specified locations to
suchthat the walls lock together in a log cabin provide fresh air to the interior of thehelter.
fashion. The beams are joined at the corners 8. Anchoring theshelter. Theshelteris secured
with 8¢ long wood screwand construction to the concrete slalusingSimpson Strongie
adhesive (or equivalenthold-downs nailedto the
4. Installing the ceiling beamsTwelveceiling shelteQ & S EpiikSyNiarzchalbolts
beams made from 2x8s are installed secure thehold-downsto the slab with an
individually in place. Once the last 2x8 beam is epoxy adhesiveer anchorY | y dz¥ I O i dzZNB N &
installed, a final bears custom cufrom requiremens.

three 2x1040 complete the 8 ft. )8 ft.

ceiling. All hirteen beams are attached to the
walls using 8long wood screwand to each
other using construction adhesiv&he screws
are driven into the exterior of a wall at a 45°
angle and into the ceiling beam abovéhis
allows the beams to be attached in sites
where a low ceiling exists, such as a
basement.

Paged
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Materials List Notes

ITEM QTY | NOTES

2x8 lumber @ 8 ft. 169 Used for wall and roof beams

2x10 lumber @ 8 ft. 3 Used for one roof beam

2x6 lumber @ 8 ft. 3 Used for door jambs

2x4 lumber @ 8 ft. 2 Used for door latch offset

1x6 lumber @ 8 ft. 4 Preservativereated boards; used for
decay protection betweeshelterwalls
and concretedundation

23/32¢ plywood 21 4 ft. x 8 ft Sheets Performance Category

sheathing Grade

nHé &heeymetal 2 18-gauge cold rolled steeCustom
fabrication locally.

Custom sheet metal 3 14-gauge steel, for the entrance header

angles and bothdoorjambs Custom fabrication
locally.

Nails, 1 box, 5000 count| 1 16d,31/4¢ E nodmomé

Nails, 1 box, 500 count | 1 16d, 3-1/4¢ for tie downs(hand driven)

Construction adhesive | 5cases | 24 countcases of 10 oz. tubesQuantity

(Liguid Nails Heavy Duty needed may vary depending on how

or equivalent) liberally applied. Better to apply a
generous bead rather than too little. 29
0z. tubes are also available.

p k did.gate latch 3 Slide bolt

0 K badt hook/door 3 Bolt hook and strap hinge (separate

hinges pieces)

731 dz3S heavy E| 3 Simpson Strong Tie HLBBequivalent

angle

3/8¢  Phaltk. dength About | For door construction and hanging hinge

varies. 30 and latches.

| mn weodysdews 150 Multipurpose star drive

oKgiEgE o0é¢ f | |85 For sheet metal angles, heavy angles

11-gauge 16 heavy 16 Simpson Strong Tie HT@bequivalent

hold-down (tension tie)

pKYy £11IRNG @ 16 Per anchomanufacturer speifications

threaded anchosand

epoxy system
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Note 1: Actual dimensions fdumber diffe from the nominal dimensiong\
nominal 2x8boardactually measures-1/2¢ x 7-1/4¢. The actuathicknessof 23/32
plywooR OF'y @I NE FTNRY ndcgpé (2 ndrpéd
Note 2: The lumbequantties above areghe minimum requied to make each
component It is advised that actual lumber orders inclualevaste factor (i.e.,
additional boards) to account favarpage waste, loss or mistakes.

Tools List
Measuring tape
Hammer
Circular saw
Sawhorses
Hand sawvor reciprocating sawSawzall)
12¢ woodworking clamps
Pneumatic framing nail gun with air compressor
Socket set / wrenches (various sizes)
Drill capable of drivingéscrews through §of wood
. Drill bits:
a. 1¢auger drill bit for ventilatn holes
b. 1/2¢ drill bit for bolt holes in door
c. 3/4¢€augerdrill bit for door hinges
d. Stepdrilbokné¢ YAYAYdzYO
e. Drill bit for concrete anchors
11. Anchorinstallation tools per manufacturer
12. Caulking gun
13. Drywall lift(optional)
14. Table saw (optional)
15. Miter saw(optional)

©CoNoO~WDNE

=Y
o

Before You Begin
The designers estimate that this tornadbeltertakes two peopleseveral dayso
construct from scratch.

To avoid assembly and fitting complications dueverpedwood, the lumber for
the tornadosheltershould be delivered to the workite immediatelyprior to
construction.

B8 | Home Innovation
RESEARCH LABSw™
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SECTION 1: CUTTING THE LUMBER
Thefirst step in constructing thehelteris tocut the
lumber to the appropriate lendgitand width

111 of the 2x8s will make up the nedoor walls and
will need to be cut to b&1-1/2¢ long. The22
remaining2x8s will be at to two shorter lengths
(28-1/2¢ or 24) in order to accommodatéhe door
opening.11 2x8s will also be rput to modify their
width. The ripped pieces will be used for the bottom
and top courses of the wall to provide a flat surface
at the slab and at the ceiling.

Materials Needed In This Section:
- 133 2x8 boards, 8 f{96€) long

Tools Needed For This Section:
- Measuring tape
- Circular saw
- Sawhorses
- Woodworking clamps

BEFORE YOU BEGIN: Inspect the lumbesaigqr
and twist.Excessively warped andisted boards
should beset aside

NOTE: Rip cutig lumber is more easily
accomplished using a table saklowever rip cutting
with a handheld circular savis an option

Long Boards
Rip cut 1 boardsto a width of 53/4¢ @hen cross

cut each of hese 2x8s to a length of A2¢ These
boards will be used as the inner board of three of
the bottom beams, and the two outer boards of the
four top beams in theshelteQa g f £ a ®

Page6
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o
91 1/2" Wﬂ
: i\\.“ R - }\ 3 ‘1‘.‘.‘4”
Rip cut and crossut lines (9tmk Hé 0621 NR& O

Next, crosgut an additioml 100 boards to a
length of 9-1/2¢ Width is7-1/4¢

96"
91 1/2" 1

021 NRaov

Qoss cut ling91-M K H €

Shorter Boards
Cross cut 11 2x8s into three sections measuring
28-1/2¢ long.

# 96" H
R 28 1/2" 28 1/2" 28 1/2" + \
71/4"
L <
Qossatlines(28mk HéE 02 NR&D
Next, cross cut 11 2x&sto three sections
measuring 2élong.
+ 24 # 24 ; 24
7 124'
\l'\
Qossatf AySa onné o021 NR&OD

Finally, select one 28-1/2¢ long segment and one

24¢ long segment. Rip cut each of these shorter
segments to a width of-8/4¢ &

November2018
24"
e
7 1/4" 5 3/4"
28 1/2"
Y
7 1/4" 5 3/4"
— —
WA L) Odzli  t A yu&& £&EH D& | INRRE OH y
(1] .
ss | Home Innovation
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Final Lumber Gt List
133 2x8 boards used to mak&7 individual pieces
for constructing the wall beams (next section)

- 1lpieces , 2x53/4¢x91-1/2¢
100pieces , 26 x & x91-1/2¢

- 32 pieces , 2 x &x281/2¢

- 1 piece , 2x53/4¢€x 281/2¢

- 32 pieces , X x &x 2%

- 1lpiece ,2x53/4éx24&

11/2"

[

91 1/2"

%100

28 1/2" # 28 1/2% i

%32 |7 Y 3@1—\3

A—24" 29"

.
X352 Ty Yl §4

Final board dimensions and quantity

NOTE: You should hageleast36 untouched2x8s
from the original lumber ordeafter this section.

Page7
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SECTION:ZONSTRUCTING THE BEAMS

The beams that will make up the walls and ceiling

are made by nailing and gluing three 2x8s together.

You will make71 beams of various lengths

Materials Needed In This Section:
- Cut boards from previous section
- 36 untouched 2x8s
- 16d nails andanstruction adhesive

Tools Needed For This Section:
- Sawhorses
- Caulking gun
- Woodworking clamps
- Pneumatic framing nail gun
- Hand saw

For each beamwo rows of nai§ spaced maximum
of 11¢ on center as well asmo beads of construction
adhesivebetween theboards for added structural
strength Apply a thick bead aidhesiveto assure
adequate contacandonly applyon overlapping
portion. Take care that adhesive does not squeeze
out from between two boards and dry in the tongue
or groove ast will complicate wall and ceiling
assembly laterlmage shows the nailing pattern for
two boards; actual number of nails depends on
beam length.

1111
g —f— i T” iy
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Bottom CourseWall BeamgLong)
Threebottom beams are made from threg@eces of
lumber that were cross cub 91-1/2¢ long. Two of
the pieces of lumbeare full width (& nominal, 7
1/4¢ actual) and one was rip cut to&4¢ wide.

I_',,_..fT 71/2 |

7 1/4"

Bottom CourseWall BeamgShort)

One bottom beam is made from three pieces of
lumber that were cross cut to b28-1/2¢ long. Two
of the pieces of lumber are full widthg®&ominal, 7
1/4¢ actual) and one was rip cut to&4¢ wide.

24 1/2"/1

L

=

11/2"

7 1/4"

5 3/4"

Dimensions: bottomcoursewall beams 9IMk H ¢ f 2y 30 . . , ,
Dimensions: bottomcoursewallbeam 28k H ¢ f 2y 30
Create thesebottom beams by gluing and nailing the

three pieces of lumbetogether. Create this bottom beam by gluing and nailing the

three pieces of lumber together.

i
il

I
Il

li

Location: bottom coursewall beam 28vk H € f 2y 30
Location: bottomcoursewall beams Qimk H € f 2y 30

A second short beam is made from three pieces of
lumber that were cross cut t84¢ Two of the pieces

| am ‘Homelnnovation
RESEARCH LABSm™
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of lumber are full width and one was rip cutte 5

3/4¢ wide.
/ZT/T

LF

53/4

Dimensions: bottomcourseg | £ £ 06 Sdng) o6 wHn é
Create this bottom beam by gluing and nailing the

three piees of lumber together.

Middle CoursedNall BeamgLong)
Thirty middle beams are made from three pieces of
lumber that were cross cut to b@l-1/2¢ long. All

Page9
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7 1/4"

_

three pieces of lumber will be-Z/4¢ wide (nominal
2x8s).

2'4 1/2“””7‘

7712

Dimensions: middlecoursesof wallbeams 28wk Hé¢ f 2y 30

4 1/2"%‘L
Dimensions: middlecourses ofwvall beams (9IM k H €

f2y30 Create these middle of wall beams by gluing and
nailing the three pieces of lumber together.

t Create these middle wall beams byiglg and nailing
the three pieces of lumber together.

(o i e
Location: middlecoursesof wall beams (28 K H €

7 TR
f2y30

Ten middle beams are made from three pieces of
lumber that were cross cut to 24ong. All three

Location: middlecourses ofwall beams (9imk H ¢ £ 2y 30 pieces & lumberare 7-1/4¢ wide.

f2van

Middle CoursedNall BeamgShort)

Ten middle beams are made from three pieces of
lumber that were cross cut to be 282¢ long. All
three pieces of lumber will be 71/4¢€ wide.

I am ‘Homelnnovation
RESEARCH LABSm™
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7 1/4"

Dimensions: topcourseof wall beams

11/2"

Create the top beams by gluing and nailing the three Dimensions: firstoof beam

Dimensions: middlecourses2 ¥ gl £t 06 SlIYa oOHnN f)ieée% YAmber together.

Create thiceilingbeam by gluing and nailing the
Create these middle of wall beams by gluing and three pieces of lumber together.

nailing the three pieces of lumber together.

Location: topcourseof wall beams
Location: firstroof beam

0SkYa oHneRoof PaneBeams

Location:middle course2 ¥ g I f

TopCourseWall Beams

The four top beams are made from three pieces of

lumber that were cross cut t81-1/2¢ long. Two of
the pieces of lumber were rip cut to&4¢ wide and
one is fullwidth.

Pagel0

All lumber used for the roof beams a8dt. long. Rip
cut one of the pieces of lumber toF4¢ wide. Two
of the pieces of lumber are full width

The next &venroof beams are made from three
pieces of lumbethat are offsetas was done with
the wall beamsAll three pieces of lumbeare 7-1/4¢
wide.

| am ‘Homelnnovation
RESEARCH LABSm™
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DimensionsEleven2x8roof beams

Location: Finglcustomfit, beam

Create theseroof beams by gluing and nailing the
three pieces of lumber together.

Final Beam List
- Four top,91-1/2¢ long
- Three bottom 91-1/2¢ long
- One bottom, 281/2¢ long
- One bottom, 24 long
- Thirty middle 91-1/2¢ long
- Ten middle, 28./2 long
- Ten middle, 2édlong
- Twelveroof, 8 ft. long

Location:Eleven2x8roof beams

The lastoof beam is custom fit and will be covered
in the next section.

Pagell
| am ‘ Home Innovation
RESEARCH LABSm™
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SECTION: ASSEMBLINGHE WALLS

The walls are built bgtackng coursesof beams
around the perimeter of theshelter, until 12 courses
have been laid. Each beam connects to the one
above and below in a tongu@nd-groove fashion,
with construction adhesive securing them together.
The corners are interlocked in a log cabin manner
and then reinforcedvith long screwsOneof the
walls will have an opening for the door which
extends from the floor through the eleventh course
(one fulHength beam will be above the opening).
The walls rest on a layer of 1x6 preservatirgated
boards to preventlecay in the first course ofgdams
The final step is to install théoor head and side
jambs.

Lumber dimensions can vary slightly, so it is
important to check that theshelterremains square
and plumb during the construction process. Assure
that each row of wall beams is level bef@éding

the next row.

Materials Needed In This Section:
- 4 preservativetreated 1x6s, 8 ft. long
- 37 triple beams96¢ long
- 11 triple beams, 28/2¢ long
- 11 triple beams, 24long
- 3 2x6s96¢ long
- 96 wood screws, 8long
Construction adhesive

Tools Needed For This Section:
- Hand saw
- Level
- Caulking gun
- Hammer
- Power drill
- Level

Pagel?

The Wood Tornado ShelteiConstruction Guide

Base

Cut each ofhe four preservative treated 1x8e

bn ®p ¢ £ 204 the floof ta sefvé & the base

for theshelteQa gAsdurfe thab the base is

square and level. Position thehelteron slab so

there is adequatelistancefor door swing to allow

easy entry and egressid room to work on all sides
b 8'

7'61/2"

Preservative treaded base

Walls

The first course consists of three beathat are91-
1/2¢ long, one beam that is 28/2¢ long, and one
beam that is 2élong, all with one flat face (bottom)
and a groove on the opposite (top) fateay the first
courseof beams down with the flatace downon

the preservative treated 1x6 basedthe1-1/2¢
groovefacing up Note that there will be a 39
opening for the entrance

November2018

7'71/2"

First course of beams over preservative treated base

Reinforce the corners with twoé8ong screws.

Reinforcing screws at corners

The second courseonsist of five beams just like the
first, except the bottom face is not flat but instead
has a protruding 41/2¢ tongue For the91-1/2¢ long
and the 281/2¢ long beams: cubff a 41/2¢ long
section of the tongue from one end reciprocating
sawor handsawworks well for this.

I am ‘Homelnnovation
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